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1 

ob«si] a«±iciiiasaMk«*»)a«*-©¥ 

SWWiJ; 9 *>ny K¥+ » 7x*;1/^-cd;*:#&i I l& 

# i i lasMturcnijasti* c ttt&mt-rzmwM i 
iciaBoii*iiw*o«a*i6. 

*rr* j: ttt&mt? euro i £fa*©¥a»#©sig 

[tt*J3 8 ] m-0*m#®<D^l/ F^-V * 7X*;l/ 

9 ] 6 u— y ytztmtt? % xmttffi 

[M&g 1 0 ] j»W7x-;l/fc U— If JtWWOfi** 
SC £*tttt *:■«-« 11*91 1 KHH«©*»*«>«a3Sr 

&</>! I IflSSfktt J: 0 a*JB=©¥«««l*WI2«-0 



(2) 0 0 1 - 1 1 9 1 0 4 

2 

So 

[M$3(12] J»W7x-;l/te J: 

6 tirS IS*** « C fc *ttft f * M * 

3i i i \mmv>*mte<Dm&fim<> 

70 «rfrr* C fc*«MKfc"rSMI#R 1 1 KE«©¥W*© 
[M&H15] WH03WM;MIM7*te&AIMI 

■?**sn*c t*w«t"r*«i«a i i 
m i 1 1 tcia*<D¥J»i*©iaifi^teo 

[000 1] 
[0002] 

fbJtf'Jf A (GaN) *©IIIHWflS^«i|s»{*»3BI5?0 

50 t47 (a i 203) ^K<baiR (sic) «oas«««affl«n 

[0003] c <D!«ettfiffi^ U— 9* telk&lr&Wic-o 
1#">T, ^ 1 <0lii:(c TJournal of Materials Research, 

Vol. 14 (1999) pp. 2716-2731J CCDiaS:^ 
*7r^7 , 16«±teJ«*LytCtall||t±fcSi02**|jBI 
S*» ^0±J;:GaN«:g«B^|6] (W#|lg) lcj«ft*-& 

40 fe*t/«^fb*0oTV«So 

[0 0 0 4] SifilC^oT, b— «f©'\*BI!, « 

neseJournal of Applied Physics, Vol. 37 (1998) pp. 
L309-L312J T-(±, 1^77^7»£±lc/?)c«L/cGaNif.£ 

B B H ic « i/ > ^ t -r 7 mfc%m®T*wmir % ys m t-gsn 

«««r^#SC^:A' ! ^^nTV^So ^3«iS: Japanese 
Journal of App I ied Physics, Vol. 38 (1999) pp. 26 
19-2621J X'tt, 7}cm<t-rbVVJ* (NaOH) tmm (H2S 
50 04) hx«y^-^^»cJ;»3, +r7r-f 
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(3) 

3 

©J?nBT#8iT?£S<: fc*^£ftTi/->3 0 etui 17:77 

A'JSHT'ft^tSnt^S. BflHc, SfS4<D§§£ Napa 
nese Journal of Applied Physics, Vol. 38 (1999) p 
p. L217-L219J T'{*> Nd: YAGP-1f<DSfS 3 ifKHH&£fiJffl 

T-tt, •V-77'f7£GaH<DmBmiZMmc£*). V77 JO 

■*Tmm^mm*ftM?zmc6<iiimte -y >?1$$> 

»38£U J^^xm— U^;l/<D*®«©GaNg« . 
CO 0 0 5] 

77^ T®S i: GaNS<D^aiO«i|ffll14*^a T\ So 2 
CO 0 0 6] 

@*«ii*.Tv»3. J»i©^miW*:©«JS*J*»«:*Sfc, Ga 
NS¥*ttJI J: •? fc><> <y yi^-O^*^ 

WMttlSAltttffiTU fcPfcfe«J:tM?-f K (A) W 

Sffi±©GaN3&¥i£f*MfcADfcSffi6&ai{±, ffi&ft«iB 
CO 0 0 7] *89i£ffi«g20#W{^K££r&& 

*ne©gflMHa«u mexr 1 o^m^m^mas^ 

t> *7r-fra«4:6aNJMiai*MloilBfc / >*< fcfcl 
n**trlnxGa1-xN (0<x^1) IWftl^UtS 

C0008] m2<D*mfo<D<®m.-fimc&z>t. inja? 

1 1 l^{MfeJHWmiB#ftt«iec i^/cft ' 



1$ PI 2 0 0 1 - 1 1 9 1 0 4 

;k * x y h x * i^fe J: tf U— tfftiBtt fc J: 5 , ! n 

46tc, l7!7 7^7««£GaN&¥#Wi£#8lhr£c:£: 
jbtnrtBlc**. 

CO 0 0 9] *?micffi££30^tt«&#&fcl\ M 
T, •9-7r-C7'««i:GaN^li^OW{i:'>^< i:tA 
lS«HI*.TV<>*o AsM?*^tyGaN1-yAsy (0<y<1) 

coo i o] n4<D*mw<»$mjj-mi.. mwm\.v>* 

WW! £j#g3^SlS£fi8*T^.5„ PH^^tfGaN 
1-yPy (0<y<1) IS^flc/Itifl&rRifcjgC L-^f^fc 
46lc, ^<O±Sf(cGal0R¥«fMi«9W-r«REk:ffi^li 

i7M-yf-yma : i/-f»ficj:t), pis?* 

•9-77-1- TfflS £ GaN^^#^*»g|-r 5 C £ # BTffi 

coo 1 1] *nm\cm%mso>^w<»w&5&\icz. 
at, Mtaif? i <D*mwm&xmc*s\,^T, mmr~- 

Mc& Kt'^y K^P-v >y T'x^;^— <D/h^ v>l I Ij^^fb 

coo i 2] m 6 co¥mte<ommj;mc &%t, mmm 

77^7«gt GaNJk^mfcmZftM? SCfc *^ pJftEfc 

coo 1 3] *nw\cm%mi <o*mw<omwsmi&. 

MZm 1 <D¥3gf*Siit7ai*k:te^T, iiW7x- 
;wc± ^/^^ K^-v -y t'x^.;^— v>i 1 l^Sfk 

COO 1 4] J|!8<03|mW*cO«a»i*fcJ:Si:, h5I2^ 
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5 

*m#®%:MmttHcftmffi%2it, ■tf7 7i'7'««i:Ga 

[0 0 15] 3js^Wfc^Sm90*«|:«:<DSl3e^j*fCJ: 

ft J: 9 a * ¥tfftJM* 6 T- tt * < »&<0»®fflijfr & U 
-if yt*mt? « C fc <fc 9 % GaN^WftSfc: i5f ^ - 
3>fe$X. 2> C t < -9" 7 r -f T S4K £ GaN$¥«ttj|& 

COO 1 6] »1 0<0*»f*O«aS^Fffifc:«|:*4:, AQfB 

> K^-fr v 7x*;m*-©/j^vM I l^ftftJ; t) 

fc u-imi&af*jiAn-rs c 1 1 <t k> > ^ > k^-v v ? 

[0017] ^fgU^C^Sfg 1 l ©^##£Diajg^}* 

«*, ^yr^rmmtGem^m^moymic tuf2GaN& 

fc, GaN?£¥WWi,fc 0 fc£< <DI n A?«$tr¥«(Mi 

•^fVN, CKDH^, ln«?*£<*tr¥«WM|tt*©T 
ffi:fc<fc ±ffi<DGaN&¥«itt;i<fc 0 fe/1> F^ -y 7x 
*Vh?(,-v i g,g«^:< , 0IJ*fc?Alz(lnxGa1-x)1-z 
N (0<x<1.0<z<1) ^^IHT-fcoTfcjaN, ffl# 
gifcjgc Lfeln«?*^<^tfi|sjff«itt|S«tt3& t ffiT 

«caK»ttfi<l»S«tU S«i:±ffi06aN3MS«MWi 
Ufc^MW«i3S««rr *ft»6te, g«fr S^lSI LftGaN 

t t* ? ^ y ^ ossst* a < „ Gamm<D*m 

[0018] *&W\c&zm 1 2 O*«M*<0«JB7Ji!6te 

x-;MC<k D lnM?«£<$trl HtfBtftftJ: •) 

M?n, «««!S«««-SfcffiT"r*. c©fca6. In 

fU •9-77"f7S«tGaN^#^^g|1-Sc:i:^ 

[0 0 19] All 3C!>¥«(4c(OWB>Sr{£icJ:«2:, tufa 
8fi l O^&Sag^rSfcfc^T, ■Jx'^hi'yf^ 
Kit), ffi^M«iBcL^lnK?«^<«tr¥VfM«t 



(4) $$ffl2 0 0 1 - 1 19 1 0 4 

[0020] *mHc*%m 1 4©iww*©fflKfttic 

Mf2fBl 1 ©W^Sil^a^fc^T, ^WT 
x-;Wc J: 0 lnJ3(?«£< $trl I IjBOSfbttJ: D 

7x<y hXy^-^^iiAO-rSCfctCfeO, \nm¥*& 

tc> -9-7 r-f 7*«fcGaH*i|s*fM*$MWS C i:*^ 

[0 0 2 1 ] m 1 5 <9¥iIftOS!!)S;$?£fci\ t9IBSI 1 *5 

5llli^^bft«fc t)*S¥W*S^AIzGa1-zN (0<z< 
1) T*«^$n5Cfc«ri|$m^-r5o AlzGal- 
zNJStt^S*g^GaN?Ri!SS<Dtf'-efe5SH-??J&«fci6 
fC, P, A I zGal -zNJi^r^SI-r S ^<D^* - 

AlzGa1-zNS«*Mfili7?#S/c:46K> GaN?SWggfe 

20 So 

[0 0 2 2] ?g 1 6 CD^^OSIJiTSSJi, M§Zm 1 
[0 0 2 3] 

i&w<Dmm<D&mi cm 1 <omsmm) *^w»c«s 

GaN^*^^:iSS^^:^5(,^r, 4EffiteKSLlii^9L«iSM 
T*#SGaN««<D^:®a^^T-#S «fc 5 {C^S C i: 

[0 0 2 4] JSCF, *Sl^co^ 1 OHfifiJg(iJCj:S*» 

s. 

[0 0 2 5] 0 1 (a) ~ (c) tta^ft^ttk:ffi«¥« 

*\ vyT'fT&r>%;2>&&i i <Dmm*tmmm*m^ 

40 TlJ6»ifeff*5. ^UiSl l^MOVPE^ 

*K3SSfM-rS. i^V^T, KJSjFrt&EE?J#3 0 OTorr 
©7j<^3?faMi:b, jaS«rJ«Jl 1 OOttcST^LT 
1 1 «r*P^L«S©-9--v;l/^ D-^V^fi 1 0 

[0 0 2 6] ^tc, S^jtP^5 0 0 < C{C$T^r J gUfe 
««1 1±IC, W&fi2 5nrnol/minO)hU^5 : -;l'^ 
(TMG) t. 1R&mtf7. 5L/m\n<DT> ; e-y (N 
H3) tfZt. **VTrt7,tLT7mt%:tsimcm6-t 
SO %>Ctlc£r>, WZtfZ 0nm©GaNJ:f?aS{gS^>y7 
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7 

rJH*J*«S-S*. flfcvr, S*S»»*|«J 1 0 0 0°Cfc* 
T*#aU /P^tflmn^GaWi 1 2£:fi!cft£-tf3„ & 

igfir&JfoS 0 O'CtcST-l^fiU U TtfX^Tk 
JRfr&SBRfcgJBLT, MJ*^>Ky3*>A (TBI) 
t TMGfcflyg L T JP * tm 1 0 0 nm© I nO. 2GaO. 8N .J; *) % 
3£tt#NW 1 3 ffCf£JSjPA 

©as***) iooo icte$T?#iaL/*-v u Ttfxttmm 

A , &7|cjSk:MLT, il£#3mm©GaN/i 1 4 
* (SI (a)) o 

C0027] £JS*P*> 5S««r^ OtUbi IS 
3«ffcSHR<D*-Y K#f8£LTV>SCfc#fc;b>o;feo $ 

s*^(Ri<DHjiKffi^, sffi^gt® 1 3 -cmmcwtt 

m 1 3T«GaN« 1 2 fcO^W^fc 

So <*5»cx*;|/¥— CEDX) lcj:blBJ* 

<D£^mw i s k 1 6 fc^aisnT^* c^tfii 
BT?*fc (01 (b» o tt±*&, smmmi 3#ts 

<D&\,*mmi 5T*© I nSS/£«*<J3 0 %"??;& oft:, 
CO 0 2 8] *te, &$&Mm 1 3 ©tt#N&£ilS« 

mfiSSLfc^ ln0.2Ga0.8NJf;£ 1 0 0 nmtiSte-tlrS,, * 
^»ffl»(feiKl9 0 O'COS^WT'— — ;l/*iSbfeo 7 

csao ic**>t6&mftikm&*&t+ 7--/mm(o 

mMc £ fe&VinO. 2GaO. 8NJg^tC3p-Y K*<fS£ LT</^ 
<*£?*'t>fro;fco o*!> v fi#J7x— ;Wc<fcDln0.2G 
aO. 8N»-e*l#88#5 |#JG C «nft C £ tffrfro feo 
[0 0 2 9] LfctfoT, 1 3©ffi#ltajft 

1 OOOTI^GaN/il 4 ©/dcS^fC g L ft: © 

[0 0 3 0] j«S»71fc M0VPEgg<©KfS*Ffr58« 
£® Uffl-f fc, GaNS 1 4 t«« 1 1 

(0 l(o))„ CM, Stt&MM 1 3T*fB#g£ 

«Bc t>, GaN® 1 4 tgffi 1 1 <ommm$^¥imm% 

<%r>T^ZtcV>T'&& 0 C©J:?K: LTff^nfcGaN 
* «S 1 1 £GaN/i 1 4 tt£«#Ngfi| 1 3 T»$MIt£ 



(5) §1200 1-1 1 9 1 04 

8 

3 £*A-f S ctlcj;!), ftJfiPttJ: <iill hGaNjS 
1 4£#^-f SCttfT't, GaNJB 1 4 ^-O^x 
7N-b^;i/©^ffi«GaNS®i: LT^/Hf 5<i £ ffoim 

[0031] (&2<ommmm) *&w\c&z>m2<r>n 

;o -r«o 

[oo3 2] *5m<r>m2Q>miimmc. 

{*©8Bt*ffi©BIBfcov^TBIffi*#!!abft*<6l«Wr 

So 

[0 0 3 3] B2tt2M^fl!Uctt«^#©£[&2r& 

t £ s fpaa * ntc 1 1 1 <t & s ¥»#©«§$« 

S0£:^LT^5o -9-7r-r7<t»5^5a«2 1 

<Dm&*m%m*m^Tm.w*'ftteoo ^©^ jjt^u 

feS«2 l^MOVPE^B (HW4*T) ©SfSjtPrt©-9-fe 

20 rt«rJE^J^3 0 0Torr©7kHI?H^i: L> JS*«rl?) 1 1 

i o fl-RBfT* 5 o 
[0 0 3 4] ^tc, SJS*P^5 0 O^CteSTHMflbfe 
mW.2 1±IC. W&W2 5mmol/min©TMG^, m& 
M&7. 5L/min©NH3i:. U 7#X £ VTikmb* 
mmzmife-t&CMC&L mZtf2 0nm©GaNcfeD% 

OOOtKS-eiiSU PStf lmm©GaNJg2 2^JS.& 
**5c ^(C NH3, Tfri/y (AsH3) fe«fctfTMG*«*& 
50 LTJI2*%1 OOnm©GaN0. 96AsO. 04* 0 ^SSffi^ 
MM 2 3 AsH3©^^±LT 
/PS^ 3mm©GaN« 2 4 «rfigg?^So 
[0 0 3 5] SEM^rfflV^T, ISAlASM©»ri&WK«ff 
fcofto ^©Jg*. S«»g(IS2 3cflc^lS©^-r K*< 
%fLtv^i:i:*^oftc ctifi> ±12© (Ml© 

fcn«C» «H 1 0 0 0 o C-e©GaNB 1 4 ©fig 
mWc, W&fiMm l 3©ffl»«l*^^^Lfcfe©f: 

»sij£nso 

[0 0 3 6] figg*§7^> MOVPEgS©RJSj!F*^Stg 
VO 0 i: , GaNJS 2 4i:IS2 1 *»& 
*^So Cftte, aMR»«i2 3T?«»«««iBJ:»), Ga 
N®2 4 £g«2 1 ©MWig-&?SS*^<^oTV>5 
fci6T'feSo C©«fc3lcLT»BtlfeGaNS2 4©*£H 
«ffi*SEII1f«aiLTt», 2-fy5 : ->x>'N-rt'T?^5^ 
^©fg^a^^ofeo BfrffiSEMSggSJ:!?, tt«2 
1 fcGaN® 2 4 iiS«#»i 2 3 T'^gS^nT^S £ £ 

mmvifco ift*'oT> »«^gui2 3^«A-rs 

d i: fC «fe 0 , mWt <fc < »« 2 1 i:GaN« 2 4 
SCtA^t, GaN®2 4^r2-fy^-^x/\— b^;l/(7) 
JO ^ffi«GaN««i: LT&fflfS C A^pffig-efeSo 



p 

[00 3 7] CSS 3 <OmtimW aKRSWteff *» 3 <OM 

vs., 

co o 3 8] £cf, *&w<om3<Drnm&mte£z*m 
%> a 

[0039] m3tt*mm&®icm& ! mfto®mi5& 
fes«3 l^MovpEae cs^-e-f) ©sisjprt^it-fe 

rtfcjETjtf 3 0 OTorr©7j<«|?HMi: U iB&ftti 1 1 
0 0iC{i:St?#iabTSffi3 1 SrAnf&baMWf-v^ 
* V - - > 1 0 Mffft 5 o 
[0 0 4 0] SJSJP«r^5 0 OtHCS-miSLfc 

?&> ««3 l±fc, 0&&S2 5mmol/minOTMGi:, 0M3 
«#7. 5L/mincr»NH3fc. ^-v U TJJXt LTzk^i:^ 
mf%lC&&-f2> Ctlc&>). m-Htfi 2.0 nm<D6aN * t> * 

0 0 0 "etc U mZtf 1 mm»GaN/i 3 2 Sr/jgg . 
£•££0 NH3, *X7-fy (PH3) fcitfTMG&CK 
J&LTSS^fi 1 0 0 nmCDGaNO. 96PO. 04<fc t)&5Sfi» 
MM 3 3&f£ft2-eS 0 ^<9&> PH3<75«*S£ffli:LT 
ff£#3mm<OGaNJl3 4«rfigg$^ 0 

[0 0 4 1] SEM&ffll^T. &Aj«g|g©«ffiSB&&*T 

Kite ^oymm, msammssttiic&kvMitifi 

^*LTV>SCi:3b^3b>ofc„ cftfct, ±fBO (HKD 
USSl^ftD i: ll^tc, m 1 0 0 0 X;T-<0GaN« 3 4C^ 

[0 0 4 2] j«*»7»» MOVPESB©SJSjtP*>e.»« 
^a5DtHt-i:v GaNJ13 4 £g«3 1 *«Mre**«te 
Ctltt, S«#8fUI 3 3 TfB#Sttf jgCl 0 , Ga 
N134 tmm3 1 0»te?W^^fi*^< ftoTI,^ 
tclt>T*$>%o C<D£5 lcL.T»Sn/c:GaN®3 4<D$SA 
StS&SEM-PSlSgLTk, 2l'>?-*X/v- rtt>£5«y 
*0R£*±fc*»Oifc. Sfc, BrffiSEMgBSJ: ffl£3 

1 tGaNm 3 4 «a«»«ys 3 3 -eftMztiT^z c t 
wm~e * fco ifttfot, ss»«ie 3 3 fcWA-f -s 

Cfc»C<fc»)> 3i«tt<}: < «« 3 1 fcGaN/f 3 4 

GaNjB 3 4%2'i'yf- , )XA- U-^-Jlco 

[0043] car 4 vmm&m) ixr, 4 <d 



(6) ttM2 0 0 1 -1 1 9 1 0 4 

10 

[0044] ixr. *f£w<Dm4<Dnm&mic&z>¥m 

[0 0 4 5] *t\ »Aj£5£J£&£tflHMiM<DW 

ja»±ie© (»iojsai««D ££o/c:<ibi«?t-;&3„ 

[0 0 4 6] jJtfc, ISA/£S%iOS«E«M«S!dE«(c 

m&u axjNMWttKi 1 0 0 o^ct*6^co^6*i7' 
~-)\s*m-?o m&mm 1 3©ffl^f»*s^k-rste 

{*, 7^— Jt4UEttfflf'#4WS GaNBl 4fr 

/o &©^jBC^#*©^*-$>*»r s a 1 2 0 0 1 

s-etf!?su>. £75:, 1 0 0 0°C-e<OT^— «Hli 

535W^5>St£S:SXDffi-r£> Sfil 1 f:GaNS 1 4fi 
tcGaHM 1 4 Ofi A«ffi*SEIIT*i* bTfe, Z^f^^ 
[0 0 4 7] tKBSEM^?S«fcf?s S«l ltGaN^ 

i 4im&ftmmi 3?#m-£tir^z>c timm-ez 
20 tco Lrctt^T, mmftrnmi 3*mxLm&3T-->i< 

*ffi?Z£lc£*), fflffl&£<mmi 1 fcGaNSl 4«r 
»(SfTSCi:^T»#, GaN/il 4^2-T^^i/N-P 

So r^> S4<0«k'5fc, g±S©GaN^ 1 4£:AI0. lOGa 
0. 4 4 4: Lfc*£\ J»WT=-;l/K: **HSA^ 
—W&®*&lf\C < < %5„ Ctl^AIO. lOGaO. 90NJB 
O^GaNJBJ;0feJSA^*^H*rc46t?a&S. 0 4 

•^77'C7ll4 1±ti:, GaN«4 2, ln0.02Ga0.9 
8m&ttMm 4 3 fe*t>*AI0. 10GaO. 90Nil 4 4 ^figgb 
30 rcmfflBffim&fc. C©©&, AI0. lOGaO. 90NS«A^ 

SBWe- K«o*J»«»«ah:ft*o 

[004 8] 5 (OmffiBM) JWT> 5 © 

mffifi^ ±{C^SO^*?tcfflV>P.nSGaN^¥» 

[0049] wr, *f&m<om5<Dmtmmiczz¥w 

[0 0 5 0] 0 5 Ca) ~ Cc) 

[0 0 5 1] *"T> «SAfiKS7?a*«fctfi^AfiK«^Oili 

fig«±ieo ess i <DnM&m tm^tc<mmx\ yy 

r -Y T«« 5 1 ±fe: , GaN/I 5 2, I nO. 02GaO. 98NS«^ 
1153 ftJtfGaNJB 5 4 ^figfi Ltc 0 
[0 0 5 2] ISA^5ft<0Stf[ (0 5 (a)) ««E 

iSh';^ (H2P04) <Dffl^«4ifcSL, 
50 ^j2 5 cctioJIftTS. *<J i WWttaJIft-r* i:> »«5 1 
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II 

bWB5 4W#m+&1tt1Mm-Sti {H5(b)),f 

&fcg£-£5 0 CCiSfcLTtf&tVfcGaNJgS 4<D£®S 

x y if < y h tiffin tifctf ? 5 -y * 
ft. 8fr®SEM8i?g«fc 9, »«5 1 £GaNJl5 4{,\ 

8ffi#8tB 5 3 -ptf'T K 5 6 ttft-Vx.vf-y'tmW. 5 7 
iWftfrU tf^LT^SChtftofrof;: (05(c)) . 

^Pffi-TSCi;*^^ GaNil5 4*2^yf>>IA- 
P^KO^ffiiMGaNS^i: LTffiffl-TS C RrffiT?;g> 
S„ H»f yjTOUIc, ±fe<0 (Sf?4©|| 

M&WO (DWmT-—fr-%:n^TtS< fc, GaNil5 4 £: 

T=->b«aiUfc«R»«W 1 3tctt, $ft<o*IB*ij: 
tf *Y K«««fife LT*5 0 , x «y jWflWBMM 5 
3Tr5^b J f>-r<S:5fc46t?feS„ GaN^5 4^A 

10. 10Ga0.90Nji£: Lfc«*, fi7 Myf^tia 
iKft*'*— S>©#e#&W-fc:< cnfiAIO.IOGa 20 

0. 90NB©^A<GaNH«fc K> t>ISa«ir^3fiD«:/E:«7*« 
So COi^, A 10. 10Ga0.90NS;|fi;WNS!i"C#S 

[oo53] cm 6 vmm&m) wt, 6 © 

So 50 
CO 0 5 4] feCF, *«WO»6O*ai0g«HC«fe*im» 
{*««©«3a*J*0»in»!:oV'>TBIBB*#Jfau&««6Bi 

wrso 

CO 0 5 5] 0 6 (a) ~ (c) tt^fflBftttfCftS^g 

CO 0 5 6] S*\ tSA«5£&l3J:C;ittBJ&M.Ott 

r4TmW.Q 1 _tlC. GaNJ16 2, I nO. 02Ga0. 98N««^ 
1163 *5<fc 1/GaNJl 6 4 *j£S bfc„ 
CO 0 5 7] «AAS%OSC (06 (a)) Kb <o 

— 9%*HMW*. ffiffl bfc U— 9%«Nd:YAQU— If© 

*3WW«t»J6*. u-if7 1 d*2'i'^5 : ->i7x/N-rt-ex 

CfcTN S£6 1 £GaN/l6 4£#g|i2-y: 
SCtmft, C \y— if ft<OGaNJg 6 4^© 

^-S^&EJiK-f Sfci&lc, S®6 1 cDKMIJfre.b- 
■Wtt*J»*W«3!r««»* U> (0 6(b)) o C<OJ:$fc: 
LTff 6nfcGaNS6 4 CO$S^*ffi*SEMT|i^LTfe, 
2 *o«SH:ftfr9 ft, * 

fcv #r®SEMfijyg<fc*K 8«6 1 hGaNJS 6 4 ttSIR#Ji 
» 1 3 T'^SftStiT^S c fc)W»BT»Sfc (0 6 so 



ftffl 2001-1 19104 
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(c)) o LfttfoT, mfoft%£®6 3**ALU— 9% 
«M#*lirrc fclc* »» , MfPftJ: < 8«6 1 tGaNS 6 
4^«-r*Cfc#T?* % GaNjB6 4 * 2-f>f-»>x/N 
-U^;1/<D*tB«GaNg«i: LTfigffl-TS C tlfitmv 

AR) <D^WTx-;l/^JgbTte< GaN/1 6 4 fcfflg 
6 1 SfcSJBfcft*. Ctlit. m&lT- 

->i*MLrcmm.ftmB6 3tt±, 

-Y Ftf8£ LTfe 0 , U-1fttM»tc <fc S it* —iHtft. 
tf-'M^&Sfci&T***. *'fc, GaN/H 6 4 £:AI0. lOGa 
0. OONJIfc Is— 9fflm\c&%,1&Mk?*—i? 
OBWZmilc < < &S 0 CfttiAIO. 10Ga0. 90NJg©jef 

<0«*^ AI0.10Ga0.90NSS*^T-#S/c46{C, GaN^ 

c o o 5 8 ] ens 7 onss^ffi) *&mucmzm i <om 

*ftttMMc45VT« 4Ett««KCfM£»«(E»E7*#«Qa 
CO 0 5 9] WT, *^W«D^7 0HSa}gttSfC«fcSi|iSi 

*<osa3g?5r^<D»fflcoi,->T0iB*#RgL«:^6Sil§-r 
5, 

CO 0 6 0] 07fi2|K||«i^K:^S^#{4:oi5!Ji^ 
®0«r^LTV->So *-T, •9-7r^T<kD^:Saffi7 1 

terns. 7 1 £movpe=£b (0^-r) oE^rto-y-fe 

rt«rflE**^3 0 OTorr©7j<^3?H^i: L> ?S*«r*t) 1 1 
0 OVlc^x^MLxm^l l«rAnf^b«6SO"9--v;l/ 
^ y - - >^r*|s, i o 5 o 

CO 0 6 1] 05 (a) t^-r<fc-5fc, SlSiP^r 

l«I5 0 0tK$miaLfti, S1S7 l±fc, ^82 
Smmol/minCDTMGt, {&*&fitf 7. 5L/mincONH3i:, ^-v 

*A<2 0nmOGaNJ:»)*SiaS-' i «'y7rJS*J«S*-e- 
So M^T, SJSjtP^l OOCCfcrSTHSU 
*^ lmm«GaNe7 2«rfigfi$^So rgft**tl8 0 

oicfcST-Pifiu, +-^';T^x^7j<^e.^(c^H 

LT, h'.M^T^x^A (TMA) » THIte<femMG 
««J&bTil3*^ 1 0 OnmCDAIO. lOlnO. 18Ga0. 72N«k 

0 7 3 *J«*«4ir*. StfSJS 

<FF«30jga«r*«1 1 0 0 OtfCSTM^igL** 
&mfrt>7i<mcmLT, MS*^3mm<DGaN®7 4*j«fi 
$-l±S„ 

CO 0 6 2] S*6#»*»6aS«*«»)ttLT, tSAjftfift 

®€»€i*?i^-rsfc, n<^fetTv^So co^fi, 
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fafttm 7 3 fiGaNH 7 lfej;tf7 4J;HM> K^-V 

CO 0 6 3] /£S3$7^ M0VPE=gB<D£j£»5»« 
^rlSDffil-i:, GaNjl7 4£«;&7 1 t^mx^^m^ 
tffeSo Cfttt, S*#g|^7 3X^mt^mcK>. Ga 

ns 7 4 tiig7 i <D®Mmm-&&m-hm<r^T^& 

*(Dft±li.r£frr>rco Sfc, KfrESEMffiglJ; *K *&7 
1 £GaNJi 7 4 ttS«#8ft/f 7 3 X'^mtEtlX^ C i: 
^WigT-^fc„ LftibT, Sfi»il7 3*IAt« 
$iJ'<8PttJ:<gffi7 1 tGaN®7 4*ftm? 
SCirtfT^ GaNll7 4 £: 2 -f' iy^x^N— L^;l/GD 

c o o 6 4 ] cm 8 oymmm) wt, ^mmm 8 «d 
±fc&j&fi<95gftfst^tcffl^en3GaN^¥J» 

fttgJIfcfc^T, mtiL®&R.Z?mm&*{&W.TZ % GaN 
5o 

CO 0 6 5] «T« *^©^8<D*i6fi^fig(c < };S^» 

CO 0 6 6] Sf\ S3^fiK«7?^*5J:t/^^S^CD« 
Jg«±fS<0 (?IS7cD|f|fiSJgftg) £g;ofc<|5ltrt?&So 

co o 6 7] m&f&m&<Dm®.ttmm?5!£m\cw 
&u gfgi^H^Weas i o o o°c-eQ&fmo%mT— 

tt* 7-—>}/ffim±l&^J5tf!i? * LV>*% GaN/l7 4*-> 

t><o&mm?mfmv>i?*~i?*mi%-?z> 1 1 2 0 or 

$T**Wf $/- c> 1 0 0 0 , C^OT--/1/B#K(± 
6B#P^tLfc:AV g«#8t« 7 3 <D1®ftM%:?£K1t? Z> 

E&'gfrzmm&mQmTts mm? 1 £Gawi7 4& 
^mLx^^ctt^smx^rco cnzsicLxmbti 

£GaNJg7 4cDjg||*®£SEMXgi^LTfc, 2^>=f-^ 

m^ct 0, 117 1 £GaN® 7 4 7 3 T*# 

173 «r^A U^sgr ^-;l/^SS-r C i: ic J; 5 , 3nj»14 
£<*1K7 1 £GaN/i7 4«r^g|-r5Ci:^T€, GaNJg 
7 4*2-Y>9 : ->>3:M-U-^;l/(7)^:®^GaNa«i:LT 
ffiffl-TSC t^Bltl-efeSo f&5^ GaN/S7 4&AI0. lOGa 
0.90NSi:L/-c^a-, f^Wr--;WcJ;S^^-^ 
(D&m*&mc < < & S 0 C ftfctAIO. 10Ga0. 90NJgcD7? 

AIO. 10Ga0.90N»«AMtlST'# SfciilC, GaN& 



(8) 1fFJ2 0 0 1 -1 1 9104 

C 0 0 6 8 ] 9 vmMBM) tCK #fgHJ§<D|g 9 © 

»«co±ffi Wt^iix # s * d tc f 5 c i: ^ @ w -r 
CO 0 6 9] JMT, *^WOB9<DH)5B^{C«feS*S| 

co 070] iB B B B fiJcfi^*3<kt;M^s«o^ 

/o 5i{i±feo (» 7 ©Hj&SJK/i) kSoft< Ir)«T-$S 0 
COO 7 l] #ic, HSfcRMtfc:, ffiAtfftfftoStt* 
Bltl§i;';>g8 (H2P04) ©«£**fc«u fc-#-± 
Ttt2 sotfciojR-f*. »i«pWinJ»"r*fc, S«7 
1 fcGaNjf 7 4ftK£Mtr SttT^WRStU ^O^GaNS 

S„ C CO «fc 5 fC L T# P> tlfcGaN^ 7 4 <D^®SEMH^«: 

BffffiSEMK^J; »? , SK7 1 i:GaN® 7 4 7 
20 3 7»ilTW<:i*fW7ft. LftAbT> 

t)^ *iJfflJtt«fc<S«7 1 tGaNM7 4%ftffi*ZCt& 
GaN^7 4«r2'f'>'9 : -'>j:/^ U"^;KD^®aGaN 

•y°f-l/VoM\L ±I2cd C^8 0HSfiJgJi) £DS»W7x 
— ;P*SfiLT*< t % GaNB7 4 i:»S7 1 

xy^>^««as«»«B7 3-esau j fr<«: 

50 Sfcl6-??a5So S/c, GaNS 7 4 ^rAIO. lOGaO. 90N^t L 
*»t*»C< < 45o cnttAIO. lOGaO. 90N^C5^GaNJl 
AIO. 10Ga0. 90NS«*^Si7?*Sfci6te, GaNJSW^feU 

So 

C 0 0 7 2 ] (« l o OUSfiJ^M) aMmiCfll«]|f l 0 

CO o 7 3] JWT, 2fs^o^ i 0O5US»ttfc«J:*# 
CO 0.7 4] H8tt44lflBmfc:A«¥«f4u!>HSeDSrtt 

* k> fm s tut 1 1 1 mmtm <k »? * s ^vft^wa w 

ffi0*^LTI/->S o £-3% •9-7r-YT«fc!?3S:Sa«8 1 
feS«8 l^MOVPE^H CHSlsrt") 

50 7*ic«»u s«jp«»29a»«c-r«. ^v>r, sjs^ 
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fl£E?W3 0 0Torr<97j<iif#B^i: U &&*ffi 1 1 
0 0"C»cST#fflUTa«8 1 ZtQf&LmmcDV— 

* v --vyim i o »nff ft ^ o 

CO 0 7 5] fijSHF*»5 0 OttcSTWatfe 

£&8 1±»C, {tU£S2 5mraol/min<75TMGi: % 
«#7. 5L/min<DNH3i:, *Y U FtfXi: LT**i:* 
HB£fc&*&-f*C fcfc<fc?K /P£#2 OnmODGaNJ;t)& 

0 0 0 'Ct £T*H?fiU 1 imtfDGaN/1 8 2 

S-tfSo Sfi:&ft8 0 0*Ctc*TP$aU 70 

T^X^7k^P,^{C^HLT > TMIi:TMG^«|&LT 
BZtm 1 0 Onm©ln0. 20GaO. 80NJ; 0%:Zm&ft9m 
8 3%)$.m-$&Z> 0 S^T, THIcD«^#ihLTGaN8 
4 2 0 nmfigg L St/TM I & L T I n 0. 20Ga 
0. 80NSffi»«l^ 8 3 Srift 1 0 0 nmfigft-r« 0 CKDInO. 2 
OGaO. WN/GaR<Dm&4t*Sfflmi%misrc&. EJSHFrt© 
?&«£$<J 1 0 0 0 < Cft$T*mSb+^ y r*x*ajR*» 

So 

C 0 0 7 6 ] £jS*pfr OfflLT, ^H^gS 20 

±IBO (IS 1 <DHS&£«0 fcWWfc* ®E#J$Bi8 3# 

LTV>5 C t legs LTV^o 
[0 0 7 7] l£&m7'&. MOVPE^M<DSiSjtP^e.S« 
*m*>mirt. GaN/f 8 5 t*fg8 1 tfftffiT$%m'£> 
*«**. &W7x-;K >7i'y hx^y^fej: 
u— *fytmmic£ K>&mcGaNm8 5 £S1S8 1 

£ (o&tiftMui 8 3 *<as7?isik:^a ( 5 m) immz 

tlTVSfcafc, GaN/18 5 £»«8 1 <D«Hni$63l| 30 

f# 6 ft fcGaN/g 8 5 ©SiSllSffi'&SEMT'fiig? LTfe, 2 ^ 

ffiSEMgygitK »«8 1 £GaN/18 5«»£#gt/f 8 3 

3-8IB8 3 Sett <};?>, MMH£J:<&£8 1 
£GaWf8 5 CfctfT?*, GaN/f 8 5*2-r^ 

^x^- U^;I/©^:®aGaN»«^ LT®ffl-T3 C t 

CO 0 7 8] *o 

f±, "9-7r-l'7 , afcKi:QaieRifssW«iOHBK, Mf2GaN& 
<*»%8Wi«**ia*«*TV'»*. IS 1 
X*;l/4f-©/jN*^i|«ffMJ{i 3 7G*5<fctf 4 7E8MWBT 



1 <$M2 0 0 1 - I 19 10 4 

GaN^i)i«<*jl^«-jiifrscfc^pIt|{c%5o S7c, C 
©IS, ^7r^r»^OQd0fii|y»fMfcJtat>*JEtt 

<, GaNS«<75^®a{bA^^7?feSo 
CO 0 7 9] *«W»c^S^2©¥iif*OJ8S!3t^S{i, 

GaN^#i*g(DHlC^< i:feln^-§tflnxGa1-xN (0 

C0080] JB2©a|s«{*:o«JB*ttte**fc % InH? 

; eo±®{c*fg-t?GaN^¥W»««ras-rs^{;:ffi 
»Si^<kt)^tt*HfiT-rS„ M7-- 
;K £x-y hx-y^^yfej:tfL/— 1f^M*ffcJ;!3s In 

•9"7ri'rS«i:GaN^¥i»^^gfrsiit 

co o 8 i ] *&w\c&%mz<D*m&mm.?5mz. m 
ism i <D*mttmmjsmia3^T, ^yr^TmmtGa 
m&mi*m<Dfflic'p%;< t fcAsjM?*#t?i i \mm<t<8a 

*Oft**IWMI«J«*«**XB«Hi*TV , »*o Asig 
?^^tyGaNl-yAsy (0<y<1) %k*m#mimftM*m 
c L-^-rt^ctol;:, ^0±®tcS5fST?GaN^#i*M^r 

tb, m&37~—^ ?3i->j hx-y^^^fecfctfU—tf^ 

co o 8 2] mAco^mw^m^'mt, mtzm 1 <o* 

jS<DStc^ft < i: fePM?«r#ty 1 1 liKSfkfeJ: D 
»<*»*figS*^-SXS*(i^Tl/->*o P^^^tyGaN 
1-yPy (0<y<D %k¥m#miimftM*i&£L^-?^rc 
46»Cx ^^±tSfCFS}gT'GaNIS¥»^%aS-r5fStC 

co o 8 3] *miic&zm5<D¥mw<ommj5mc& 

St, S1MES8 1 Oi|Mi««BKrSfci3^T» ^Tx- 
;Uc«}; K>^y K4f-v y ^x^;1/^-(D/Jn?v>I I IjK^fk 

ccntztb, n> v yx^;^4 ^ -<3[)/J^^^^#^*^ 
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[0 0 8 4] S6©¥W#©«ja#SfcJ:Sfc, MSB 

co o 8 5] *3mx.%z>m <D*m&<omm%mcx. 
at. tijtam i <D*m#$nmft&ici3^r, mwr-- 

;WCfc »5/^ * 7x*;1<<:£-<D/Jn£VM I 
fc«>, hx^f-v^fciltorraci^c* 

co o 8 6] msn^mfovm&xmz&zt, mm 

co o 8 7] *f$wtcmz%9<D!\mi*v>mm?3mic& 
* t> & a zpmmm* e> < »«<o»®«^ £ U' 

-"»«fc*JtM#-r * C k K J; 0 , GaN^¥#WStc ^"^ - 
S?«# A * C a < * 7 r TS« k GaN?6¥W«iS: 

co o 8 8] mi o<D*mw<Dwm?5mc&2>£. mm 
v k^-v -y t'x^.^-cd/Jn^vm i k> &a 

Ei/- fytmfit&ma? a cfcic j: ^>k*+»7* 

x*;l/4 ? -0/hSV>^S«:JiA^*?WteSiJ«l3ltt^<^* 

Co o 8 9] ^wtcflsam 1 1 ©i|*i»f*<o«jeD5r» 

tf±S<DGaN^¥»tt;i<fc 0 fc£ < O lnjK?«$trl 1 1* 

^<Dte^|§^tttf:*:£<&a;fc 
(3 S'Kyf'-f tfWBFfcft 

i|^l(Mtt*OTiBfe«fctf±iB<DQaN**»(Wi J: 0 1 

K^-v y ^x^^-avj^i^gtifc: < , M^tf 
Alfflj#©ii;^AIz(lnxGa1-x)1-zN (0<x<1. 0<z<1) 

8S£igc Lfc¥ilW*«©**«aHRWte««J»ttA< 



(10) 4$M2 0 0 1 -1 1 9 10 4 

18 

*u Stgi:±®<DGaN^¥W*e«r»gS-rse:i:^prfi| 
* < > GaN««©*®SKfctf ^7?^. 

co o 9 o] *&wic&zm i 2<D^##osajg^ffi(c 
.tat, totem 1 i (D^mwmm^mic^x. mmr 
=.-mc * o i nisi? < 1 1 1 mmitmx. <o & a ¥ 

COO 9 1] ^1 3<0^NW*O«JB*Sc»C±«fc, hmI2 
mi 1 ^0^3ji#:S<)S^^^:i3V^T, H7f^ 

CO 0 9 2] ^fgBJilcl&aSfS 1 4©ijsJi«:<0«Bft*ftte 
x-;l/(c «}: <0 I n0?«:^ < 1 1 1 K> * 5 ¥ 

tc, •9-7>i'rstgi:GaN^i#»^^gi-rac:i:A'< 
oiBitaao 

CO 0 9 3] m 1 5 cD^^OSiii^fi, tufBm 1 

*?>*m,i i (D¥m#mmx&ici3^T. mmt^m^tx 
a 1 1 mm<m* *> *a^«^Ji^AizGai-zN co<z< 

30 1) •VfflfRt£tlZC£&&mt?2><, C<Dt§-&. AlzGal- 
tCx S«*->P.AIzGa1-zNS^^«|-raK(D^-^^ 

^t<<, «aatt«:iNi«f-raci:^T'€ao c<o 

AlzGa1-zNS«*M^laT^af^:^6^C^ GaN^W^fi 

a. 

CO 0 9 4 ] m 1 6 <D¥i«*<Dg£a£73i*&> Mem 1 *3 

«fcr>*mi i ©¥sw*Ma*Scfc:43^T, s««^»rs 
&a„ 

can i <oi6ss^»te«aii*iif*<oHjs* 

cm 2] *&w<Dm2<Dmmmmizm2>¥m&<Dmmy5 

tele J: t> flsfiSttfcl I lftS{b«t¥4l»0«lj£KiBBI 

cm 3] *5iw<om3<Diifis««ifc^a¥^offiijfi^r 
jo stc«fc9^«i*n/fciiijKS^¥^<D«s^»ffflia 
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(11) nM2 00 1 - 1 1 9 1 0 4 



19 




20 




4 1 




ffik: cfc O^KStifcl 1 IJR3{fc«^£f*©#lrii»rffiB 


4 2 


GaN/f 


CHI 5 ] 5 CDHffl^i?tC^^*»i*^Siig7? 


4 3 


1 nO. 20GaO. 80NSS>fgra 




4 4 


A 10. 10GaO. 90N/B 




5 1 






5 2 


GaNS 


[0 7] *»W0»7 0^«i»ffifc:«S*S»*0jHJfi* 


5 3 


InO. 20GaO. SONSJSftlBEJI 


ffifc: £ Off «|*tifel 1 l*efb*¥*{*0«j«llfffiH 


5 4 


GaNS 


[08] 0O*^«te«**»*©«36 


5 5 






5 6 


#-f F 




5 7 




l l -fr^r-Y^a* 


6 1 




1 2 GaNS 


6 2 


GaNS 


13 1 nO. 20GaO. mW&ftnM 


6 3 


InO. 20GaO. 80NS4S^MUB 


1 4 GaN/B 


6 4 


GaNS 


1 5 lnfflJ«<0^«« 


6 5 




1 6 F 


7 1 




2 1 t77^7IS 


7 2 


GaNS 


2 2 GaN/H 


7 3 


A 10. 101 nO. 18Ga0. 72Ngffi# 


2 3 GaN0.96As0.04S1g#giS 20 


7 4 


GaNS 


2 4 GaNJl 


8 1 




3 i WtJTWSl 


8 2 


GaNS 


3 2 GaN/f 


8 3 


InO. 20Ga0. 80NS«#g£S 


3 3 GaNO. 96PO. QmfcftfflS 


8 4 


GaNS 


3 4 GaNS 


8 5 


GaNS 



[02] [03] [04] 




[07] 





CH8] 



(13) 



&ffl2 0 0 1-1 19 10 4 



[06] 



(a) 



(b) 



(O 




(72) mm itti & 

(72)^BJ# 6*8 H^B 

'(72)»W# *FP Sift 

*H0»rWm**P1*1006»ift «T«» 



F#-A(##) 5F041 AA40 CA34 CA40 CA65 CA73 
. CA77 FF16 
5F043 AA16 AA37 BB10 BB27 DD02 

DD07 DD30 GG10 
5F073 AA51 BA06 CB02 0A05 DAI 6 
DA17 DA35 EA18 EA29 
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